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Analysis on Multi-Track Submicron- Width Recording 
in Perpendicular Magnetic Recording I 
Yukiya Shimh,  Ikuya Tagawa, Hiroaki Mmaoka and Yoshihisa Nakamura 
Res. Inst. of Elect. Comm., Tohoku Univ., Sen& 980-77, Japan 
--A three-dimensional simulation program for analysis 
areal density magnetic recording is developed, in which 
-static interaction between a head and a medium is 
taken into account with a reasonable medium modehg. 
Recording phenomena in submicron-width recording in per- 
etic recording are investigated with this simuia- 
tor. Simulated results indicate head field disturbance to neigh- 
boring track is small even in submicron trackwidth because of its 
small side fringing of 0.05 p. It is also confirmed that such 
writing situation brings well-defined off-track overwrite pattern. 
us, our simulation predicts the feasibility of multi-tmck 
pe~pend~cular magnetic recording in 0.3 p m  trackpitch. 
Sing 
I. INTRODUCTION 
Fig.1 Schematic of the submicron multi-track recording. 
In the upcoming high areal density recording trackwidth of 
less than 1 ,tan, or submicron-meter, is required. Perpen- 
dicular magnetic recording utiking a S h g k  pole head and a 
Cb-CXmi-Fe double layered medium has beell PIOVen t0 
show well-defined track edges, as Well as high finear density 
response [1],[2]. This fact means that p e ~ n ~ ~ l ~  recording 
has high resolution for both linear density and track density, 
owing to the head field of the single pole head and perpen- 
dicular recording mode. A concept of multi-track recording 
with submicron trackpitch [3]  will be useful to make practical 
use of this high areal density potential. Previous experiment 
was presented to show the evidence of the written submicron- 
width tracks [2], though its recording mechanism has not been 
very clear. In this paper, nano-scaled recording phenomena 
on this narrow track recording are studied with a 3-dmen- 
sional numerical simulation. 
11. SUBMICRON MULTI-TRACK &CORDING SCHEME. 
conventional coding can not be adopted; a new coding/de- 
coding method [3] is necessary to discrimhate each track 
information. However, the wide-track head has a great 
advaatage to eliminate excess servo tracking accuracy, i.e. at 
feast the total trackwidth of the grouped tracks. 
111. SIMULATION PROCEDURE 
Trackwidth and main pole thickness, and in some cases bit 
length, are comparable size in submicron trackwidth recording. 
Since our conventional 2-dimensional simulation [4], in which 
infinite trackwidth is assumed, can not be employed, a 3- 
dimensional simulation was newly developed. We attached 
importance to head-medium magnetic interaction for the 
simulation of perpendicular magnetic recording, because head 
field of the single pole head is modified by the interaction 
with the underlayer of a medium. 
Field calculation is based on magnetic charge distribution 
t raosform~ from magnetization distribution the simulation. 
Field generatted by magnetization, M, or magnetic charge, pm, 
is 
Fig.1 schematically shows a multi-head COnfigUratiOn for 
the submicron multi-track recording, in Which only coils a d  
main-poles of the single pole heads are shown. Two different 
proposals are included. The first one is the structure of the 
write-heads; their main pole placed so that its film plane is 
= Spm L parallel to medium traveling direction, and thus, its trackwidth t3 t3 
is determined by the thickness of each main pole. This head 
structure avoids disadvantages of standard narrow track single Here, r is position vector. Head-medium system was divided 
pole head: the head field strength deterioration when its hZo cubic cells of 50 nm edge, then magnetization of each 
trackwidth is reduced into submicron because o€ cross- cell is transformed to magnetic charges distributed at the cubic 
sectional area reduction witch weakens magneto-static comers. This magnetization to charge transformation process 
coupling between the main pole and medium underlayer, the is conceptually explained in Fig.2. The surface charge of the 
difficulty of head preparation of a submicron trackwidth. Our cubic was calculated as the difference between magnetization 
second proposal is the wide trackwidth read-head. Since the in neighboring cells. This surface charge was exchanged into 
head reads all submicron-width tracks at the same time, any point charges at the four corners of the surface; each point 
charge was one fourth of the total surface charge. This 
Manuscript received February 17, 1995. calculation was performed on all cubic cells, then all 
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217-5493 the sinusoidally magnetized medium was calculated, which 
by the equation. 
(1) H~ = J ( - ~ M )  
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Fig2 Conceptional explanation of procedure for transforming magnetization 
distribution to magnetic charge distribution. 
CO 
Fig.3 Typical magnetization distribution in a head and a medium. 
resulted in the good agreement with the analytically obtained 
field distribution within error of 2 %. This method brought 
drastic calculation time reduction by eliminating calculation at 
air space and by programming as a simple repetition calcula- 
tion. 
A particle assembly model based on the incoherent rotation 
of curling mode switching is used as the model of medium 
recording layer in our 3-dimensional simulator. The coherent 
rotation of Stoner-Wohlfarth model does not well represents 
perpendicular medium, such as CO-Cr film. The curling 
model reasonably simulates a hysteresis loops of CO-Cr 
medium [5]. 
M-H curves of soft magnetic materials, i.e., a main pole 
and an underlayer of medium were approximated to the 
arctangent function; hysteresis and anisotropy were neglected. 
Main pole excitation was simulated by putting a proper 
magnet at the coil position. 
An iterative calculation was continued until the whole 
head-medium system reached to self-consistent state [6]. 
Fig.3 show typical behavior of magnetization in a head and a 
medium in stand-still recording. A magnetic interaction 
between the main pore of the head and the medium was 
considered, which is indispensable to analyze perpendicular 
magnetic recording. 
w. ~ S U L T S  AND DISCUSSION 
Fig.4 shows planeview of a calculated magnetization 
pattem of 100 kFRPI; whole calculation area was DC-erased 
in prior to the writing. In this figure, mesh size is 50 MI 
cubic and magnetization is represented with small circles 
whose size and color (filled or open) correspond to the 
magnitude of perpendicular component and their polarity, 
respectively. Head field strength at the surface of CO-Cr 
layer was set as three times as large as the coercivity, of Co- 
Cr layer of 1500 Oe. To confirm the potential of perpendicu- 
lar recording, the head-to-medium spacing was assumed to be 
zero. The thickness of the CO-Cr layer was 0.1 p which 
consists of two layers of the cubic cells. The main pole was 
0.2 pn in thickness and 0.5 p in width. The travelling 
direction of the medium is parallel with the main pole width 
direction. 
The resultant effective trackwidth was about 0.3 p, 
which meant recorded track fringing of about 0.05 pm would 
exist. The magnetization in track edges were reinforced 
because self-demagnetizing field is weaker at track edges than 
at track center. These reinforced magnetization well agrees 
with our MFM observation [2]. Considering the sharp 
transition shown, the capability of both high track density of 
submicron trackwidth and linear density has been confirmed 
with this new write-head. 
In practical application off-track overwrite is critical 
performance factor. We also examined magnetization pattem 
after off-track overwrite. After a single 100 kFRPI track was 
recorded, as shown in Fig.4, the recording head was displaced 
along the cross track direction by 0.15 pm, following this 
procedure a new 64 kFRPI signal track was written. Fig.5 
shows planeview of the calculated results. The overwritten 
magnetization transitions are not interfered by background 
signal magnetization, and the side writing is about 0.05 pn 
wide which is as same as the single track condition mentioned 
above. This result is well consistent with previous MFM 
observation [7], despite that its trackwidth was different. 
When tight magnetic coupling between the main pole and the 
underlayer is maintained, these tendencies will be always 
obtained. 
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Fig.5 Planeview of a magnetization pattem recorded 64 WRPI signal over 100 
kFRPI signal with off-track 0.15 pn. 




Fig.6 Planeview of a calculated magnetization pattem. Trackwidth and 
trackpitch are 0.2 pm and 0.3 ,um. 
trackpitch = 0.3 prn 
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Fig.7 Planeview of a calculated magnetization pattem in longitudinal magnetic 
recording. Trackwidth and trackpitch are 0.2 pn and 0.3 pm. 
Based on the fundamental investigation, we carried out the 
simulations extended to the multi-track recording. Fig.6 shows 
the simulated magnetization pattern where trackwidth and 
trackpitch are 0.2 pn and 0.3 pm respectively. A 50 kFRPI 
signal was recorded close up to the track of 100 kFWI which 
is shown in Fig.4. It was indicated that, when a neighboring 
track is written with a guard band of 0.1 pm, larger than the 
before-mentioned fringing of 0.05 pn, the inter-track 
interaction is negligible small. As a result of this, it is clear 
that the magnetic transition in each track can be formed 
without write cross-talk even in submicron trackpitch. 
This newly developed simulator is available in the precise 
analysis of longitudinal recording as well. Fig.7 shows the 
calculated result on longitudinal recording in the same 
recording situation as the case of Fig.6. Both gap length and 
trackwidth of the ring head for recording were 0.2 pin. A 
medium of random orientation in plane whose thickness was 
50 nm was assumed for the simulation. Again, trackpitch was 
0.3 pn, or guard-band width of 0.1 pn, and zero-spacing. 
The well-known side fringing field distribution of the ring 
head reflected as the curved transition lines at outside of the 
track edges. In addition, the wider side-writing of 0.15 p 
was indicated. This recording situation resulted in the severe 
inter-track interference, therefore the submicron trackpitch 
recording may be difficult in longitudinal recording, if the 
recording parameters are similar. 
In the submicron trackwidth multi-track recording scheme, 
a read-head of wider trackwidth is thought to be utilized. The 
playback signal with the head corresponds to the superimposed 
signal of all tracks. In order to discriminate each track's in- 
formation, linearity of the read process is required. We 
examined the linearity with the simulation. From the mag- 
netization distribution, as shown in Fig.6, we calculated a 
signal waveform read with a wide-trackwidth head covering 
both tracks of 100 kFWI and 50 kFRPI. The readback 
0 1 2 
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Fig.8 Calculated readback signal from the magnetization distribution shown 
in Fig.6. 
magnetic flux, obtained by integrating the recorded magne- 
tization along the trackwidth direction, was differentiated to 
derive the signal waveform with an inductive read-head. This 
procedure is equivalent to an ideal readback process utilizing 
a head with a infinitely high linear resolution. The calculated 
result is shown in Fig.8. The waveform agrees with the 
superposition of the two independent waveforms which are 
reproduced iadividually, that is, peak amplitudes of the pulses 
are simple sums of the two independent pulses. These results 
means that linear coding or signal processing can be applica- 
ble to this multi-track recording scheme. 
V. CONCLUSION 
A 3-dimensional simulation program with a reasonable 
medium modeling for perpendicular magnetic recording was 
developed, in which the head to medium magnetic interaction 
is considered. Our theoretical study, utilizing this simulator, 
about the submicron trackwidth recording indicated multi- 
track recording of 0.3 pn trackpitch has feasibility brought by 
the high recording resolution of perpendicular magnetic 
recording. No remarkable inter-track interference occurs 
during writing process in submicron pitch recording; playback 
signal is good superposition of all tracks. It is useful for 
multi-track iecording with linear signal processing. 
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